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Introduction
The cholinesterases and carboxylesterases are a multi-gene family of enzymes that hydrolyse a diverse group of carboxylesters. Enzymes of this family are inhibited irreversibly by many organophosphorus (OP) nerve agents and insecticides [1, 2] . The most studied and critical of these events is the inhibition of enzyme acetylcholinesterase (AChE, EC 3.1. phosphonothiolate}. Inhibition of AChE, which resets the cholinergic system by hydrolysing the neurotransmitter acetylcholine [3] , results in loss of neuronal function, paralysis and, soon thereafter, death. It has been shown that the serum enzyme butyrylcholinesterase (BuChE, EC 3.1.1. 8) can serve as a scavenger in vivo to stoichiometrically bind the OPs prior to the inhibition of synaptic AChE [4] . This stoichiometric scavenger (one molecule of scavenger reacts with one molecule of OP) approach has proven effective but requires a large amount of material to destroy a small amount of OP. Catalytic scavengers (one molecule of scavenger reacts with many molecules of OP) have also been investigated, but the enzymes found thus far in Nature are generally inefficient; they have high K m values and low turnover numbers [5] . Through site-directed mutagenesis of the human BuChE cDNA we have created novel organophosphorus acid anhydride hydrolases (OPAHs) that are capable of performing as catalytic scavengers in vitro [6] ; however, there have been insufficient quantities of these enzymes to perform studies in vivo. All of these OPscavenging studies have been limited because they require significant amounts of active recombinant protein, which are currently unobtainable. [7] . Nevertheless, some problems remain with baculovirus-expressed proteins, notably glycosylation patterns, which could impact the expression of the BuChE glycoprotein. Based on reports that other human enzymes have been produced at high levels in J. ni [8, 9] , we postulated that the intact animal would be more likely to produce a fully glycosylated product, though not necessarily with a mammalian pattern, and at higher concentrations than that expressed by insect cell culture.
Further, a high concentration of BuChE in an intact animal might efficiently scavenge OP cholinesterase inhibitors, when challenged, and thereby confer protection in vivo from insecticides and nerve agents. Hence, the recombinant BuChE-AcNPV-infected larvae might also adequately serve as a useful model to test the efficacy of bioscavengers to protect against OP toxicity. This study has led to the discovery of a novel cabbage looper OPAH.
Materials and methods
Cells, larvae and virus COS-7 cells were purchased from ATCC (Rockville, MD, 
U.S.A.). Insect cells (Spodoptera frugiperda Sf9 cells and T. ni

Analysis of expressed proteins
Kinetic assays
Michaelis-Menten constants (K m ) of (rh)BuChE expressed in larvae were determined for the substrates BuSCh and acetylthiocholine (Sigma) using a variation of the Ellman method [13] , modified for use in a microtitre plate reader.
Briefly, 50 /A of the sample to be tested was placed into each well in a row of wells of a microtitre plate. In another row, 
Results and discussion
This project was designed to examine the ability of three The extensive degradation in vivo observed here may largely be due to the process of N-linked glycosylation in insects differing from that in mammals [7] . Human BuChE is heavily N-glycosylated (23.9% by weight [17, 18] ) with at least nine out of ten potential N-linkage sites carrying an oligosaccharide chain [19] . It seems plausible that altered glycosylation may cause improper folding of the macromolecule, resulting in a general lack of secretion, build-up of high intracellular levels leading to inclusion bodies and heightened protease susceptibility. Apparently the novel OPAH possesses the ability to hydrolyse the P-F bond found in the phosphorus centre of soman and sarin but not the P-CN, p-nitrophenol or P-S bonds found in tabun, paraoxon or VX, and echothiophate, respectively. Characterization of the T. ni OPAH revealed that soman was hydrolysed x 1.44 times faster than sarin and that this activity was enhanced by the addition of manganese, but not calcium, in the assay mixture. Further, size fractionation revealed that this OPAH has a molecular mass similar to that of tetrameric T. californica AChE and a dissimilar mobility to the endogenous 7. ni carboxylesterase.
The observed larval tolerance to VX cannot be explained based by an endogenous OPAH activity but instead may result from mechanisms similar to those reported to cause heightened insect resistance to OP insecticides [20] .
It is concluded that the cabbage looper larvae system may be an economical means of overproducing recombinant BuChE and other proteins in a eukaryotic system.
